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S1 Experimental Details
For the following syntheses the sensitivity towards protic media meant all manipulations were performed inside an MBraun Labmaster DP glove box under a N 2 atmosphere. Solvents were purchased from Sigma Aldrich: PhCl (Anhydrous) and PhF (Anhydrous) were thoroughly dried and distilled over CaH 2 ; n-hexane was dried via filtering through activated alumina, and stored over a K-mirror. Deuterated PhCl (purchased from ABCR) was dried over CaH 2 , vacuum distilled, and finally freeze-thaw degassed. Trisopropylsilane (Sigma-Aldrich, 99%) was used as supplied. tBu 3 To prevent protonation from glassware, all reactions were performed in Teflon ® vials (see S11) with NMR experiments recorded in tubes containing Teflon ® inserts (Norell NMR-100-520D), except those requiring a glass capillary insert for referencing 31 P NMR spectra (e.g.
PPh 3 /C 6 D 5 Cl; Figure 7 ). NMR spectra were recorded using Bruker AV-400 (400 MHz) and AV-500 (500 MHz) spectrometers. Chemical shifts, δ, are reported in parts per million (ppm). 1 
S2 X-ray Crystallographic Details
The absence of any disorder in the structure of 1 allowed for confident assignment of the silicon and phosphorus centres. Additionally, when the element identities were deliberately swapped the final R-factor rose from 0.0354 to 0.0382, the thermal parameters of the two atoms become more disparate, and a noticeable hole in the final ΔF map of 0.63 eÅ -3 was found only ca. 0.3 Å away from the silicon site (consistent with the over-assignment of electron density when it was being modelled as phosphorus).
S3

Synthesis of [tBu 3 P-SiiPr 3 ][B(C 6 F 5 ) 4 ] (1)
Si P Inside a glove-box, 20mg (0.02 mmol) of 1 was dissolved in C 6 D 5 Cl and transferred to a J Young sealed NMR tube containing a Teflon ® insert. The solution was then measured by both 31 P and 1 H NMR to confirm the integrity of the adduct relative to any tBu 3 P-H + impurity, which would result from partial hydrolysis. The solution was degassed once using the freeze-thaw method and sealed under 1 bar pressure of H 2 at 77 K (to ensure reproducible pressures all tubes were immersed in liquid N 2 to a control depth of 10 cm and backfilled for 10 s); this results in an equivalent internal NMR tube pressure of ca. 4 bar at room temperature. 31 P and 1 H NMR spectra of the solution were subsequently recorded again to ascertain the contribution from adventitious moisture (from H 2 gas) to the tBu 3 P-H + signal.
The tube was then immersed in an oil bath (control depth 10 cm) and heated at 90°C.
Reaction was complete after 8 hours, as judged by 31 P and 1 H NMR spectroscopy. The yield for H 2 conversion is most reliably calculated via relative integration of 1 H NMR signals for the iPr 3 SiH resonance against that of tBu 3 PH (1:1 from H 2 ). This experiment was repeated a further 3 times to give a H 2 heterolysis yield of 90-94%, calculated on the basis of the initial amount of 1. 2 O by initial adventitious hydrolysis (see S4 and main text for explanation), as corroborated by the 31 P NMR spectrum in Figure 9 . 
S10 Synthesis of [iPr 3 Si·ClPh] + [B(C 6 F 5 ) 4 ]and thermal decomposition experiment
The following is a modified procedure based on that reported by Müller et al. 3 
S11 Computational Details I
Calculations were performed using Gaussian 09 software suite. 6 Geometry optimisations were initially performed, without symmetry constraints, using the M06-2X density functional in conjunction with the 6-31G(d,p) basis set for all atoms in the gas phase. 7 The M06-2X functional has been shown to produce accurate thermodynamic data in related frustrated Lewis pair systems. 8 Frequency analysis was performed for all stationary points following structure optimisation. This confirmed the nature of the intermediate as either a minimum (no imaginary frequency) or a transition state (only one imaginary frequency). Intrinsic reaction coordinate (IRC) calculations were used to connect transition states and minima located on the potential energy surface allowing a full energy profile of the reaction to be constructed. 9 To better represent the reaction environment and effects of the chlorobenzene solvent, all intermediates were reoptimised and confirmed via vibrational analysis using M06-2X with 6-311+G(d,p) basis set for all atoms and the conductor-like polarisable continuum (C-PCM) model. 10 Energies reported herein are obtained from the solvent-corrected calculations. GaussView 5.0.9 was used to visualise structures, charges and molecular orbitals. 11 
Coordinates of Intermediates
S12 Computational Details II (QTAIM analysis)
Bader's Atoms in Molecules (QTAIM) theory provides a means of analyzing the topology of the electron density (p(r)) to describe interatomic interactions and rationalise chemical bonding. Electron properties including bond critical points (BCP), the Laplacian of the electron density (∇ 2 ρ(r)) and the local electron kinetic (G), potential (V) and total (H) energy densities can be derived using QTAIM to reveal the nature of these interactions. The presence of a BCP indicates the lowest point of electron density between two nuclei and the bond path represents the line of maximum electron density. Should the Laplacian of the electron density at a BCP indicate a large and negative value this signifies the electronic charge is concentrated locally between the two nuclei. This is typical of a covalent or 'shared' interaction. Conversely, a small and positive value for the Laplacian indicates depletion of charge along the bond path. This is representative of an interaction between closed shell systems such as ionic bonding, van der Waals interactions and hydrogen bonding.
We have used QTAIM to examine the types of interactions between the fragments that comprise the H 2 activation transition state (TS AB ) in an attempt to rationalise the stabilising interactions at long Si···P distances (greater than the sum of the van der Waal radii). QTAIM analysis indicates the existence of several BCPs between the tBu 3 P and SiiPr 3 fragments. Examination of the transition state from a side on view (Table S2 ) reveals the presence of two C-H···P interactions. These interactions have small, positive values associated with ρ(r) (0.0078 and 0.0081) and ∇ 2 ρ(r) (+0.0163 and +0.0169), consistent with weak van der Waals interactions. 12 Adoption of a top-down view of the transition state (Table S4 ) reveals a number of C-H···H-C and C-H···C interactions. As with the C-H···P interactions, ρ(r) and ∇ 2 ρ(r) have small, positive associated values, again characteristic of weak van der Waals interactions. The summation of several weak van der Waals interactions between the tBu 3 P and SiiPr 3 fragments contributes to the stabilisation of the transition state. 
